'It is much easier to write upon a disease than upon a remedy. The former is in the hands of nature, and a faithful observer with an eye of tolerable judgment cannot fail to delineate the likeness; the latter will ever be subject to the whims, the inaccuracies and the blunders of mankind.' -Withering 1785 (quoted by Rudolf 1921) .
Our knowledge of the natural history of any disease or malformation should be in inverse proportion to the ease with which we can determine the cause and carry out the treatment. Where we lack the precise knowledge which can lead to diagnosis and cure we must Concentrate on the accumulation of the circumstantial evidence in the development of the case, against the disease or malformation.
The natural history of idiopathic scoliosis has been studied in recent years in an attempt to uncover guides to the etiology, and to assist in treatment and prognosis. Infantile idiopathic scoliosis, which of course includes congenital scoliosis, is made up of a number of different varieties. These can be briefly described as follows.
Infantile Alignment This is a functional lateral curvature present in 75 % of normal children at 6 months, in 46% at 12 months and in 7 % at 18 months. In the group of 75 children studied none had any lateral curvature by the time he reached 2 years. The evidence suggests that the assumption of the erect posture provides the stimulus which leads to the disappearance of these curves (Scott 1956) .
Infantile Scoliosis (a) Resolving: There is in these evidence of structural abnormality, in that the curvature may reach 30 degrees, and there is some rotation. The curvature is in the dorsal region. Seven or eight vertebra may be involved, and the apex may be to 51 either side. They recover fully without treatment, but may persist up to 5 years of age. (b) Progressive: Distinguishing features between the rescIving and progressive types of scoliosis are that the latter are usually directed to the left, five is the average number of vertebra involved, and rotation is more marked in the apical vertebra even at an early age. They are present by the age of 2, and may increase rapicly, reaching 90 degrees by the age of 5. In all the curve progresses to 90 degrees or more before growth is complete (Scott & Morgan 1955) .
The juvenile and adolescent idiopathic scolioses make up a high proportion of the total number of structural curves. Their general pattern of behaviour suggests that they represent a less severe degree of the developmental defect causing the progressive infantile scoliosis, and that the influence of this defect has gradually moved caudalward.
Consideration of the relevant problems of diagnosis, treatment, &c., of congenital scoliosis demands a review of some of the general features of congenital deformities.
Terminology
Congenitalis straightforward in the narrower connotation of the common use of the word and means to most, simply, something which is evidently present at birth. The abnormality can be functional, structural in relation to shape or size, developmental in relation to the many recognizable failures in physical development of one or more organs of the bodyusing that term in its broadest sense to include such things as cretinism and agammaglobulinmmia. Some of these will be recognized later, and attributed to conger ital causes. There are others, no doubt, in which the congenital factor has yet to be recognized. Abnormalitythe generic termin its proper use is all-inclusive, and covers everything from exencephaly to webbed toesall structural and functional disturbances, even of the most temporary nature.
Malformationis properly defined as abnormalities of structure attributable to faulty development.
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Faulty development immediately introduces the all-important factor of time, which reduces the incident of birth to a stage in development, and extends the potential effect of intra-uterine events to the termination of development of each of the body tissues, e.g. whether congenital dislocation of the hip occurs before, during or after birth is a matter for argument, but the cause is developmental.
Any developmental abnormality determined in utero, which is compatible with survival, may continue its effect until growth is complete, in various ways. These fall into three main groups: (1) Passive influence of mechanical factors, such as muscle imbalance or joint instability, which continue to operate to some extent even after growth is complete. (2) Active influence of the primary defect which continues to exercise a progressive effect until development ends. (3) The secondary effect of constitutional and/or skeletal abnormalities on other developing tissues, e.g. in cretinism, or meningomyelocele with peripheral paralysis.
Congenital malformation is therefore an abnormality of structure (macro or micro) due to faulty development, and present at birth. Incidence Stevenson (1961) states that 30% of conceptions fail to produce live birthsof these about half are early losses, half evident abortions, and 2% stillborn. Of the 30 % -half are due to congenital malformations or other readily demonstrable defects of the ovum or foetus. 15 % of all conceptions have inherent defects incompatible with live birth. Of live births 5 % have disabling congenital defects. Of these half will have actual malformationssome recognized at birth, and the majority by 5 yearsthough some malformations, which are undeniably congenital and cause serious disease, may go unrecognized till middle life.
McKeown's analysis of congenital malformations in this country shows that they are recognized in about 1-7 % of live births (at birth), and 2-4% at 5 years (McKeown & Record 1960) . The incidence is similar for Sweden, Japan and U.S.A., though the variety is not. Factors directly related to incidence, which exhibit statistically significant variation, include parental age (mongolism), birth rank (congenital heart), multiple pregnancies, &c. Genetic factors: The complexity of gene failuresand chromosome abnormalities makes them difficult for the clinician to understand and evaluate. The term 'faulty germ plasm' is no longer acceptable even in clinical quarters. The ambiguity in its use lay in the fact that it failed to indicate whether the fault lay in the genetic background, or whether the defects arose after fertilization of the ovum. It used to be the general view that genetics was concerned only with the individual before his conception. It now seems clear, according to Penrose (1960) , that the normal development of the embryo is dependent upon the correct genetical instructions being handed on from cell to cell. Many external agents have teratogenic influences which may upset this process and lead to developmental anomaly.
Some measure of the extent to which unmodified gene failure is a positive factor in the production of any deformity is the extent to which similar deformities can be traced in the families concerned. These will vary from the simple and well-recognized peripheral skeletal deformities, such as syndactyly, which is clearly and easily traced, through such conditions as Marfan's syndrome in which the genetic basis is more difficult to establish, to those which, because of their severe effects, make parenthood impossible.
There is, as far as I can discover, no evidence that genetic factors influence congenital scoliosis. An example of polydysspondylie, associated with structural abnormality of the chromosomes, is reported by Turpin et al. (1959) , and the X-ray appearance is that of a congenital scoliosis. Kleinberg (1951) suggests that 25% of patients with idiopathic scoliosis have a genetic background based on a described alteration in the vascular pattern. This is, of course, the same as saying that in 25% of patients with idiopathic scoliosis the condition is congenital. Individual cases have been reported of idiopathic scoliosis in twins and in families, but no survey has been done in which the incidence of congenital scoliosis in a family has been demonstratednor have I succeeded in doing so with our material. This proves nothing more than the fact that the enquiry has not been properly done. Genetics as a factor in human malformations has been much neglected, and its value little appreciated. Kalter & Warkany (1959) have pointed out that there is at present a great need for the study of the interaction of genetic and environmental factors in the itiology of congenital malformations, because it is more than probable that the known human malformations result from just such an interplay between genetic and environmental factors.
Environmental Factors and Teratogenesis
In this the time factor is of great significance. The embryo itself, and different parts of it, are at maximum risk at different stages of development. The maternal ability to resist environmental onslaughts during the first three or four months of the pregnancy is probably the greatest single factor in reducing congenital malformations (Swan et al. 1943 ). These onslaughts vary from German measles (Gregg 1941) , and Asian influenza (Walker & McKee 1959) to all varieties of less frequent and more spectacular factors. One Ingalls, 1960, by kindpermission) great significance of these reports is that they show definite evidence that changes of this type can appear in utero, associated with a specific environmental risk, and in the absence of any gene or chromosome abnormality.
Hypoxia as an environmental factor in 'producing' deformities has been developed by Ingalls (1960) and his collaborators in their bell-jar experiments in mice (Fig 1) , and has been quoted as the cause of increased frequency of certain types of deformity in people living and working at high altitudes (Ingalls & Curley 1957) . Swan et al. (1943) emphasized the hazards to which the mother and the embryo are subjected.
One of the principal difficulties in evaluating the evidence that relates congenital deformities to teratogenic influences is its complexity, and tbfact that there are evidently numerous determinants of the susceptibility, e.g. the responsiveness of the embryo will depend on the stage at wb ch the influence is applied, the duration of theinfluence, and the responsive site in relation to time and duration. There is evidence that hormonal disturbances in the mother may be teratogenic (Hoet et al. 1960 ) -also that thyroxine given to pregnant mice will to some extent protect the young from the deleterious effects of their genetic constitution (Woollam & Millen 1960) .
Of the teratogenic vitamin deficiencies folic acid is notable for the wide range and high incidence of congenital defects produced in the rat. This deficiency can be produced most easily by the introduction into the diet of antimetabolites which interfere with vitamin synthesis. The sulphonamides act in this way, as does the.lipopoly- Thiersch (1952) has reported the successful use of a powerful folic acid antagonist, aminopterin, in inducing abortions in women, and also the inclusion among these abortions of a 5*5 cm foetus with multiple malformations. Of the antibiotics tested, Aureomycin, penicillin and streptomycin, and tetracycline produced congenital malformations in the rat.
To specify the type of teratogenic factor or combination of factors having direct bearing on our present problem is not easy. Many papers refex to skeletal abnbrmalities and to spina bifida, bu4t ew mention specifically the type of deformity productive of congenital scoliosis. Of these perhaps the best'is ;that of Runner & Dagg(1960) who investigated the'effect on the thoracic spine and ribs of pregnant>mice of six different treatments. These included controls, hypoxia, trypan blue, iodoacetate and G methyl folic acid, with and without fasting. Fig 2 shows the sites at which the defects occurred in the abnormal young. The left half of the figure shows the distribution of deformed ribs and thoracic vertebre when each of the five treatments was administered on the ninth day after mating. The right half of the test figure shows the observations after the mothers were fasted and after fasting was combined with other teratogenic agents.
The explanations of many of these phenomena are still purely hypothetical. The fact remains that factors combine to produce, in utero, the type of deformity recognized as congenital scoliosis, and that some factors at least, such as folic acid deficiency and hypoxia, infections and drugs (ineluding thalidomide), are known to occur in human pregnancy. One other observation made by Runner & Dagg (1960) , which may have some bearing on the problem, is the so-called 'ambush effect'. A teratogenic agent, such as X-ray, given before the differentiation of specific tissues, such as a hind limb or tail, may lead to malformation of the undifferentiated area. In other words, the embryo may be so altered that tissues appearing several morphological stages later in development may be abnormal.
Until we have greater knowledge of the causes, the best we can do is to bear in mind all the causes that we know, and be sure that the developing embryo is protected, as far as lies within our power, from all fortuitous insults. Clinical Features of Congenital Scoliosis 'There are, in general terms, two types of spinal deformitiesnumerical variations with one or -more hemivertebri, (Fig 3) , and morphological variations (Fig 4) . These may appear separately or in combination. Certain extraspinal skeletal abnormalities, such as fused ribs, elevation of scapula, &c., have been included when they were associated with structural scoliosis. There is no uniformity of selection in reports on this subject, which makes comparison in incidence very difficult. Some authors include only the numerical variety; others include those with morphological changes. Kuhns & Hormell (1952), for example, reporting 165 cases, have only 5 due to hemivertebra. I have included in this material (Tables 1, 2 & 3) those in whom the deformity was recognized at birth, or those in whom there was X-ray evidence of one.or both of the types of deformity described (Figs 3 & 4) . Table 1 shows that there is a strong predominance of females. Those in whom the predominant characteristic is the numerical abnormality slightly exceed those in which the morphological abnormality is predominant. The lumbo-sacral abnormalities are considered separately, as it is almost impossible to be certain which of the two types is predominant. The other congenital abnormalities noted are recorded, though this list is far from complete. Table 2 shows the distribution of the deformities, and the proportion of the two types at different levels. Table 3 shows the distribution of the mild and severe deformities. Severe deformities include those in which the deformity has reached 90 degrees or more at the end of growth, or proportionate curves in younger children. The 'mild' curves show a tendency to concentrate at the points of transition between spinal segments, and the 'severe' to concentrate in the upper dorsal region. In two-thirds of the mild deformities the 'numbers' abnormality was predominant, and in the severe the proportion was reversedwith the morphological abnormality being the most frequent.
Paraplegia
Paraplegia is the most serious complication of scoliosis. Fortunately it is rare. McKenzie & Dewar (1949) collected 36 examples in the literature, and added 5 of their own. These 5 were all congenital.
There were 5 in my own seriesall similar in pattern to those described by McKenzie & Dewar. All 5 were in males. The site of the curve was the upper dorsal region (Figs 5 & 6) , and the curve was to the left. There was a short lateral curve, with considerable kyphosisthough more severe kyphoses were seen without paraplegia. The onset was gradual in all cases, and occurred at various ages, from 5 to 47 years. Many of the cases described developed complete paraplegia in spite of conservative and surgical measures to alleviate pressure on the cord and its blood supply. Extradural structures are thought to contribute to the impairment of cord function. In one of the cases in this group operation revealed the spinous p.rocesses over the kyphosis replaced by a solid sheet of bone.
Discussion
A considerable proportion of what we now call idiopathic scolioses may be congenital. The late progress of the morphological element of deformity in the vicinity ofhemivertebrnclosely resembles idiopathic scoliosis appearing in the same age group. It may be that the growth potential of the vertebre involved has been damaged by some teratogenic factor during pregnancy,and that the deformity does not make itself apparent until this growth is summoned and found to be absent. In this connexion the 'ambush effect' previously described is of particularinterest.
It is not possible to specify the factors which appear to be important in determining the severity 844 Proceedings ofthe Royal'Society ofMedicine 30 of the curve. The most severe curves have been those in which both numerical variety and morphological changes were present. Usually the severity seemed to be more associated with the morphological changes, and the progress of the deformity sometimes occurred after the age when spinal growth should normally have stopped. It is possible to have gross failure of vertebral differentiation and multiple hemivertebrn without gross deformity. This has led to the conception that congenital scoliosis is a benign condition seldom leading to severe deformity. Equally the partial failure of development of one or two vertebrn may be associated with the development of severe lateral curve with rotation. The part played by the soft tissues in determining the severity of the deformity is difficult to assess accurately. We might consider the analogy of the absent fibula or radius in which the fibrous anlage of the missing bone contributes to the deformity. On the other hand, as has already been pointed out, extravertebral congenital anomalies involving bone and soft tissue are not necessarily associated with scoliosis. This is also true of congenital abnormality of the heart, horseshoe kidney, meningocele, ectopia vesice, &c. This perhaps suggests that soft tissue abnormalities, to be effective in deforming the spine, must be in close proximity to the bone. Much careful study of fresh post-mortem material will be required before the problem is solved.
These observations on the progress of the deformity indicate the difficulty in prognosis.
Summary
Congenital scoliosis is a form of idiopathic scoliosis present in infancy, and the natural history of the other forms of idiopathic infantile scoliosis have been briefly reviewed. The factors thought to be responsible for the production of congenital deformities have been enumerated, with special reference to those in which skeletal and spinal anomalies occur. Reference is made to some of the evidence indicating the interplay of genetic and teratogenic factors in the production of congenital abnormalities.
A review is presented of 99 cases of congenital scoliosis. Difficulties in selection of material, and comparison with other published series, are pointed out. Five patients with paraplegia as a complication of congenital scoliosis are mentioned.
No comment is made on methods of treatment. Some of the difficulties in making an accurate prognosis before growth is complete are recorded.
